Acetylcholine
has been demonstrated to speed the heart of several of the decapod crustacea (Welsh, 1939 a and b; Davenport, Loomis and Opler, 1940 and Davenport, 1941) , the grasshopper (Hamilton, 1939) , and LiMulus (Garrey, 1941) . Is this reaction, which may be indicative of a neurogenic heart, a general characteristic of the arthropods? The pharmacology of the heart of the cladoceran, Daphnia, was examined to extend the observations to one of the lower groups within the phylum. Obreshkove, 1941 , has demonstrated the action of acetylcholine, eserine, and atropine on intestinal movement in Daphnia. Acetyl choline stimulates intestinal movement, its action is inhibited by atropine and potentiated by eserine.
MATERIALS AND METHODS
Young animals, largely of the second instar of the species Daphnia magna, were used in this work to insure uniform age. At this stage, the animals are quite transparent and generally amenable to the requirements of the experiments. Older animals reacted in the same manner as younger ones but they were not used so extensively because they were more opaque.
At room temperatures the heart beat of Daphnia is too rapid to count with the naked eye. Therefore a stroboscope was devised to measure the cardiac rate at these higher temperatures.
In other experiments the specimen was cooled to 100 C. and the heart was counted by eye.
Essentially the stroboscope consisted of a shaft with a light inter rupter disc and a tachometer, all driven by a variable speed motor.
The interrupter disc cut the light beam from a Spencer microscope lamp as it impinged on the mirror of a microscope used for viewing the preparation. The tachometer was a motor generator which was cali brated so that revolutions per minute cauld be obtained directly from reading the current generated.
Visual counting was made possible by lowering the temperature to 100 Â± 0.2. At this temperature it was possible to obtain the rate directly and accurately with a stop watch.
The standard procedure was to place the animal upon a network of cotton fibers in a depression slide of about 0.5 cc. volume.
The experimental fluids could then be applied and removed by means of two pipettes, one of which held the test solution and the other of which was connected to a vacuum source for efficient removal of the solution. Counts of the heart rate were made after equilibration in dechlorinated tap water.
The experimental solutions were then added and the heart rate was followed.
Finally, the dechlorinated tap water was replaced on the animal to allow recovery.
In order to assure the concentration of any solution employed, the preparation was washed several times with the solution and the entire volume was changed at least four times.
The adrenalin used in these experiments was prepared by Parke, 
RESULTS
The normal heart rate varies from four beats per second to ten beats per second at room temperature. Feeding causes great vari ations. Animals of a culture might show an average beat of four beats per second before being fed, and a day later after receiving yeast show a beat of ten per second.
The large culture jars were aerated continuously.
It was found that while in the depression slide addi tional aeration was not necessary and that the beat would maintain itself for four to five hours without it.
Acetykholine
The results obtained from forty experiments with acetylcholine agree in showing that acetylcholine inhibits the heart rate in Daphnia. There is a direct relation between the heart rate and the concentration of the drug. The threshold appears to be 10@ at which concentration one of three experiments gave a 3 per cent inhibition, the others none.
A Ach, acetylcholine, H2O dechlorinated tapwater.
water was added following retardation, the rate rose to only one-half the original rate. This indicates a toxic effect of acetylcholine on the heart of Daphnia, particularly at higher concentrations. Acetylcholine in higher concentrations (10â€"6to 10@) causes a series of events starting with a slowing of the heart rate followed by a There is always observed a great reduction of amplitude in these concentrations.
Next a sort of doubling occurs which is probably the result of the wave of contraction not being conducted completely over the heart.
In a few cases, such as that seen in Figure 1 D , the heart stopped in diastole.
Alro/@ine
Atropine was applied in fifteen experiments in concentrations from 10â€"8 to 10â€"2. In these concentrations it causes a negative chronotropic effect which is probably a toxic one since the addition of water failed to bring about recovery from solutions higher than 108.
Concen trations of 10@ to 10@ inhibited by from 6 to 8 per cent and 102 inhibited by 15 per cent.
After replacement of the atropine by water the heart beat did not return to its normal rate but remained low for many hours, after which the animals died.
Experiments on the antagonism of acetylcholine by atropine, such as was observed by Obreshkove, were thus impossible to perform.
These results do not agree with those obtained by Pickering, 1894, on Daphnia.
He found that atropine accelerated the heart rate.
Eserine
Eserine on the heart of Daphnia causes an inhibition which is not reversible upon addition of water.
Two experiments were performed at each of the four concentrations.
There was no effect at 10@. In any concentration higher than and including 10â€"8, the heart beat was inhibited in varying amounts depending on the concentration of eserine.
Addition of water did not bring about recovery and the heart rate remained low and eventually stopped. Because of this toxicity, experiments on eserine potentiation rendered results which could not be interpreted except in the light of the toxicity. Two experiments using subthreshold eserine followed by acetylcholine gave no indication of potentiation.
Obreshkove (1941) working on intes tinal movements found potentiation of acetylcholine by previous eserine treatment.
It would therefore be expected that the heart would show similar reactions.
Further experiments in which the time of exposure to eserine is much reduced before treatment with acetyl choline and the time factor of the appearance of inhibition is carefully noted, should be performed before any definite statement can be made.
Adrenalin
Application of commercial adrenalin (Parke, Davis solution) to the heart of Daphnia gave erratic results (Figures 2 B and C) . This was shown by Prosser (1942) Figures 1 E and F) . The highest concentration used, 0.04 M, was toxic and did not reverse upon return to water (see Figure 1 F) . This curve appears very similar to that of acetylcholine 10@.
Nicotine
Nicotine applied to the heart of Daphnia shows a stimulation in the weaker concentrations and an inhibition in the stronger concen trations which is not reversible.
A concentration of 10@ showed an acceleration of 6 per cent; 10@ a 17 per cent fall; and 10@ a 35 per cent fall.
DIScuSSIoN
The heart of Daphnia, like the heart of the vertebrate, is inhibited by acetyicholine and potassium. In all arthropods previously con sidered except Daphnia there is an acceleration of the beat in response to acetylcholine and potassium.
The hearts of all vertebrates appear, from histological evidence, to be myogenic and those of all decapod crustacea and Limulus appear from histological evidence to be neurogenic (Alexandrowicz, 1932; Carlson, 1904) .
Obreshkove, 1941, has shown that stimulation of the gut of Daphnia by pricking causes increased peristalsis of the intestine and an inhibitionof the heart. He also found similar increased peristalsis upon application of acetylcholine which, as shown by our experiments, causes a decreased heart rate.
Acetylcholine in the vertebrate causes peristalsis and decreased heart rate.
This, then, is a further indication of the similarity of the cholinergic systems of Daphnia and the ver tebrates.
On the basis of the evidence presented in the literature, Prosser (1942) has postulated that all myogenic hearts are inhibited by acetylcholine and potassium and that all neurogenic hearts are acceler ated by acetylcholine and potassium.
Since the pharmacology of the Daphnia heart resembles that of the vertebrate in all respects thus far tested, and since there is no work to indicate the presence of nerve cells in this heart, we may conclude that the Daphnia heart is myogeÃ±ic and predict that it will be found to have no pacemaker nerve cells. Extrinsic or regulating innervation is, however, probable. It might be argued that in the experiments presented in this work acetylcholine affects the heart by way of the central nervous system of the Daphnia.
However, the following facts oppose this argument. In the vertebrates injection of acetylcholine into the intact animal gives cardiac inhibition much like that found in isolated hearts.
Also, crayfish half immersed in solutions of acetylcholine so that any acetyl choline reaching the heart must enter through the gills and pass by way of the blood to the heart, show acceleration (Prosser, unpublished data). Furthermore, the concentrations employed in this work op Daphnia closely approximate those used by other workers on other animals where the drugs were applied directly to the hearts. SUMMARY 1. Acetylcholine was found to have a depressing effect on the heart rate and strength of beat of the heart of Daphnia magna with the threshold at 10@ and a depression of 25 per cent at 10g.
The effect is reversible.
2. Atropine has a depressing effect on the heart rate with the threshold at 10@ and an inhibition of 15 per cent at 10@. The effect is not reversible.
3. Eserine with a threshold of 10@ has a toxic effect on the heart of Daphnia causing irreversible inhibition at any higher concentration.
4. Adrenalin has an accelerating effect at 10@ when prepared from the crystalline form.
Commercial adrenalin solution may actu ally inhibit due to the reducing agent, NaHSO3, which itself inhibits heart rate in concentrations as low as 10@. 5. Potassium chloride inhibits the heart rate with a threshold at 0.005 M, a 12 per cent inhibition at 0.02 M and death at 0.04 M.
6. The above facts would indicate that the heart of Daphnia more closely resembles the vertebrate heart than that of the higher crustacea in its pharmacology.
